Background: Discourse analysis procedures are time consuming and impractical in a clinical setting. Critical to clinicians are simple and informative discourse measures that require minimal time and labour to complete. Many studies, however, have overlooked difficulties that clinicians face. We recently developed core lexicon lists for nouns, verbs, adjectives and adverbs for two narrative discourse tasks with healthy control groups. Core lexicon lists consist of important lexical items required to produce coherently meaningful discourse in response to discourse tasks. Measuring core lexicon is useful for quantifying word retrieval impairments at the discourse level in clinical populations. Aims: To apply an age-based core lexicon list for nouns, verbs, adjectives and adverbs for the wordless picture books Good Dog Carl (1985) and Picnic (1984) and to determine how well the lists measured linguistic impairments in persons with aphasia (PWA). Materials & Methods: Lemma forms were extracted from 470 control participants who were divided into seven age groups. Twenty-five core lexicons were identified for four word classes (nouns, verbs, adjectives and adverbs) among the seven age groups. The nouns, verbs, adjectives and adverbs for each PWA (N = 11) were then compared with the core lexicon for their respective age group. Per cent agreement was computed by comparing the number of total items within each list to the number of items that PWA produced. A Spearman's correlation coefficient was computed between the WAB-R AQ and the per cent agreement for each word type for PWA.
Introduction
Persons with aphasia (PWA) have been defined as having an acquired language impairment which presents with deficits in word retrieval (Goodglass and Winfield 1997) . Traditionally, speech-language pathologists have focused on THE PWA's ability to retrieve words because it indicates disruptions in lexico-semantic and/or phonological representations (Dell et al. 1999) . In this sense, commonly used measures of language difficulties in clinical settings capture word retrieval impairments at the single-word level.
The PWA's word retrieval impairment is thought to be different between word classes, such as nouns and verbs, depending on the aphasia language profile. In research involving comparisons between nouns and verbs, verb deficits have been reported in individuals with agrammatic aphasia on single-word naming tasks and discourse tasks, whereas other aphasia subtypes, such as fluent aphasia, represent relative deficits in retrieving nouns (Bates et al. 1991 , Chen and Bates 1998 , Kim and Thompson 2000 , Luzzatti and Chierchia 2002 , Schwartz et al. 1980 . However, some researchers have argued that there are no clear dissociations between retrieving nouns and verbs across different aphasia types (Berndt et al. 1997 , Jonkers and Bastiaanse 1998 , Mätzig et al. 2009 , Williams and Canter 1982 , Zingerser and Berndt 1990 .
During discourse production, word-retrieval problems in PWA have proven to be more dynamic because contextual effects may influence retrieval processes at the discourse level (Basso et al. 1990 , Williams and Canter 1982 , Wilshire and McCarthy 2002 . Relatively few studies have investigated the PWA's ability to retrieve words by word class beyond the word level (Berndt and Haendiges 2000 , Kambanaros 2010 , Mayer and Murray 2003 , Pashek and Tompkins 2002 , Zingeser and Berndt 1988 . Contrasting findings have been reported, where some studies have shown that persons with anomic aphasia performed better on retrieving nouns than verbs (Pashek and Tompkins 2002, Zingeser and Berndt 1988) , and the others found an opposite pattern (Berndt and Haendiges 2000) . These conflicting results highlight the differences in lexical retrieval at the word and discourse levels, indicating that lexical retrieval at the word level may not inform or predict lexical retrieval at discourse level. Therefore, a goal of the current study is to develop a quantitative measure of word retrieval ability in discourse production that is clinically practicable. In the following sections, we briefly summarize existing discourse measures and the challenges with these measures that led to the current study. We then review core lexicon measures developed in previous literatures.
Discourse analysis
Discourse is any natural form of language comprising utterances or phrases (Wright and Capilouto 2012) and may be 'the most elaborative linguistic activity' (Ska et al. 2004: 302) . Owing to the complexity of discourse processing, quantifying discourse production in clinical settings is a challenging task (Armstrong 2000, Prins and Bastiaanse 2004) .
To date, researchers have suggested a great deal of outcome measures to examine the amount of information provided in discourse such as correct information unit (CIU; Nicholas and Brookshire 1993) and main concept (Nicholas and Brookshire 1995) , which are rule-based scoring measures. In keeping with Nicholas and Brookshire's (1995) idea, Wright and colleagues developed a main event analysis, which is operationally defined as essential elements within the discourse (Capilouto et al. 2005 ) and is discourse-task specific. Recently, multilevel approaches that include micro-and macro-linguistic assessments have received experimental attention from researchers because they provide a breadth of information on discourse ability (Marini et al. 2011 , Sherratt 2007 , Wright and Capilouto 2012 .
Although such analyses have been applied to investigate empirically discourse abilities in PWA, application and usability in clinical settings have not been readily investigated to our knowledge. Maddy et al. (2015) examined the extent to which clinicians have used discourse analysis to evaluate PWA in clinical settings. In semistructured interviews with nine clinicians, they found that external influences such as time constraints and lack of training obstruct application and use of discourse analysis. For example, discourse analysis requires collecting, transcribing and analyzing language samples. A trained clinician generally requires more than four times the actual length of the discourse sample just to complete the transcription process alone (Armstrong et al. 2007 , Boles and Bombard 1998 , Elia et al. 1994 . This time frame excludes the time required for training and analysis, thus making many analyses impractical for use in clinical settings.
In recent discussions on the topic of discourse outcome measures, several groups of researchers agree that discourse analysis requires arduous processes (de Riesthal and Diehl 2018 , Dietz and Boyle 2018a , 2018b , Kintz and Wright 2018 , Kurland and Stokes 2018 , Wallace et al. 2018 , Whitworth 2018 . Commenting on roadblocks of discourse analysis, they have raised their voices in pursuing clinical feasibility to extend the use of discourse outcome measures by reducing time and effort. For many years, there has been an increasing emphasis on evaluating discourse without transcribing (McNeil et al. 2001 , Olness et al. 2012 , but see de Riesthal and Diehl 2018 . Along with the advantage of lessening the burden on clinicians, non-transcription discourse analysis may also permit clinicians to achieve reliability (McNeil et al. 2001) .
Core lexicon in aphasia
In acknowledgement of these clinical barriers for discourse analysis, recently researchers have developed a lexicon-based analysis that does not require an arduous transcription process (Dalton and Richardson 2015 , Dillow 2013 , Fromm et al. 2013 , MacWhinney et al. 2010 . Lexicon is not only a critical aspect of communication but the building block of discourse (Kintz et al. 2016) . Without access to the intended word, the ability to deliver a message may be reduced. Moreover, core lexicon, which is one such analysis currently in development, refers to the pivotal lexical items required to produce a semantically meaningful and coherent narrative (MacWhinney et al. 2010) . As such, it can be expected that core lexicon production reflects the ability to access the target word (MacWhinney et al. 2010) , and further, informational discourse performance (Andreetta et al. 2012) . MacWhinney et al. (2010) introduced a core lexicon analysis for the Cinderella story by analyzing the discourse samples from 25 healthy participants and 24 PWA. They collected the discourse samples from AphasiaBank (MacWhinney 2000), a collaborative project whose goal is to develop a database of language samples from PWA. Participants told the Cinderella story after looking through a 25-page wordless picture book. The researchers used the Computerized Language Analysis program (CLAN; MacWhinney 2000) to extract the core lexicons from the language samples. They found that the PWA's discourse abilities were characterized with reduced lexical diversity and greater use of light verbs (i.e., frequently occurring verbs in language samples such as be, have, come etc.) compared with the control group. However, the core lexicon lists only included nouns and verbs, and the researchers did not consider other word classes, such as adjectives and adverbs, which may contribute to increased lexical diversity in discourse production (Sarno et al. 2005) . Dalton and Richardson (2015) reported that a 24-item core lexicon list, independent of word class (i.e., verbs, nouns, adverbs, adjectives), discriminated between neurologically healthy controls and PWA. To develop the core lexicon list, the researchers accessed the transcripts of 92 healthy controls from AphasiaBank. They extracted all the lemmas produced within one of the discourse tasks, a sequential picture description task. The lemmas were extracted by using the CLAN command, where 24 lemmas produced by 50% or more of the control participants were included within the core lexicon. To determine if core lexicon could distinguish between the two groups, the researchers examined the transcripts of 166 healthy controls and 235 PWA. The researchers found a significantly different number of core lexicon items between PWA and healthy controls, and Broca's aphasia and other aphasia subtypes. They also concluded that the core lexicon list can reflect the participants' ability to convey the gist of a narration. However, the relative influence of lexical processing, known to be susceptible to aging, was not considered during development of the core lexicon lists. Fromm et al. (2013) compared the core lexicon lists for a different type of discourse: procedural discourse (how to make a peanut butter and jelly sandwich). No differences were found between healthy controls (n = 145) and PWA (n = 141). They included additional measures as well the number of words, the number of utterances, time on task and mean length of utterance. The healthy control group produced significantly more words and utterances, and also had longer utterance durations compared with the aphasia group. Fromm and colleagues suggested these measures reflect quantitative differences among the groups. Further, they suggested that core lexicon is a qualitative assessment, in turn suggesting the groups' procedural discourse samples differed quantitatively but not qualitatively. Results from these studies demonstrate potential pitfalls to using procedural discourse tasks for developing core lexicon measures such as fewer lexical items produced . Dillow (2013) analyzed the core lexicon lists for the Cinderella story. Dillow created core verb and noun lists following MacWhinney et al.'s (2010) procedures. In contrast to earlier studies, they attempted to add an adjective core lexicon list, but they did not include it due to their criterion to establish the lexicon. The scores for core verbs, core nouns and the entire core lexicon lists differentiated aphasia subtypes from the control group. They also analyzed how different word types of core lexicon affected the ability to differentiate the aphasia subtype groups. Core verbs differed for the following groupings (Anomic > Conduction > Wernicke > Broca): adults with anomic aphasia and adults with Broca's aphasia; adults with anomic aphasia and adults with conduction aphasia; and adults with Broca's aphasia and adults with Wernicke's aphasia. For core nouns, participants with anomic aphasia produced significantly more core nouns than those with Broca's and Wernicke's aphasia. Likewise, participants with conduction aphasia also produced significantly more core nouns than those with Broca's aphasia and Wernicke's aphasia. When considering the complete lexicon, adults with Broca's aphasia differed significantly from the adults with anomic aphasia and conduction aphasia. Compared with studies using an aggregated core lexicon list, this study demonstrates that separate core lexicon lists by word class differentiate each subtype from one another.
These findings are promising in that core lexicon analysis provides an alternative approach to more timeintensive, lexical-level discourse analyses. Whereas the transcription process and training are necessary for existing measures, clinicians can simply check if the words are present or not while listening to the recorded language samples once the core lexicon lists are established. However, limitations of previous research exist that need to be addressed. In generating the core lexicon, many researchers disregarded some word types (e.g., adjectives and adverbs) (Dillow 2013 , Fromm et al. 2013 , MacWhinney et al. 2010 or combined words types to create a single core lexicon list (Dalton and Richardson 2015) . Different words types, such as nouns, verbs, adjectives, and adverbs, carry important and unique semantic information that differentiate them (Neville 2014) . Based on previous research that production of modifiers manifested qualitative changes in language usage for PWA (Sarno et al. 2005) , it would be worth developing core lexicon lists for different word types as an exploratory purpose. Moreover, previous studies of core lexicon have not considered age differences. Lexical selection by someone in their 20s may differ from someone in their 80s. Age should be considered when creating a core lexicon for a stimulus.
The purpose of the current study was to apply an age-based core lexicon list for nouns, verbs, adjectives, and adverbs for the wordless picture books, Good Dog Carl (GDC; Day 1985) and Picnic (McCully 1984) , to determine how well the lists measure linguistic impairment in PWA. The specific aims of the current study, then, were twofold: (1) to determine the per cent agreement between groups and their core lexicon; and (2) to examine the correlation among lexicon lists and aphasia impairment as determined by the aphasia quotient (AQ) from the Western Aphasia Battery-Revised (WAB-R; Kertesz 2006) . Based on the well-documented word-retrieval deficits on verbs and nouns in PWA, we hypothesized that core nouns and verbs would positively correlate with the WAB-R AQs. If PWA demonstrate improved production of modifiers with better language performance, as shown by Sarno et al. (2005) , then it would be hypothesized that core adjectives and adverbs positively correlate with aphasia severity.
Materials and methods

Participants
Language samples from 470 cognitively healthy participants (273 females, 197 males) and 11 PWA were included in the study. The normative data presented are a subset of data from a larger study examining discourse processing across the lifespan (Wright and Capilouto 2017) and was approved by the respective universities (Arizona State University and University of Kentucky). The database included discourse samples and cognitive measures collected from over 470 participants ranging in age from 20 to 89 years. Control participants were divided into seven age groups (20s, 30s, 40s, 50s, 60s, 70s and 80s). All control participants (1) were native English speakers; (2) passed hearing (Davis and Silverman 1978) and vision screenings (Beukelman and Mirenda 1998) ; (3) presented with normal cognitive functioning as indicated by the Mini-Mental State Exam (Folstein et al. 2001) ; and (4) self-reported no history of stroke, head injury or progressive neurogenic disorders. Demographic information for the control participants can be found in table 1.
All PWA met the following criteria: (1) native English speaker; (2) aided or unaided visual acuity as indicated by Beukelman and Mirenda's (1998) vision screening form; (3) aided or unaided hearing acuity within normal limits as measured by the ability to hear pure tones at 25 dB HL for the frequencies of 500, 1000 and 2000 Hz; (4) no reported history of other neurological disorders; (5) presented with aphasia as determined by performance on the WAB-R AQ subtests (Kertesz 2006) ; (6) chronic aphasia (at least 6 months postonset); and (7) left hemisphere damage. Initially, 13 PWA were recruited, and then two aphasia participants (P2 and P8) were disqualified from the study due to other neurological disorders. Thus, 11 right-handed participants with present or past evidence of stroke participated in this study. Demographic information for the PWA can be found in table 2.
Experimental procedures
All participants were tested individually in a laboratory setting. Since the normative data were collected for a large study, the cognitively healthy participants attended two sessions, lasting no more than 2 h for each session. Before study participation, they completed consent forms and then completed screening measures to confirm that they met the inclusion criteria. Next, a cognitive test battery and a set of discourse tasks were administered. The order of test administration was randomized across participants. The cognitive test and discourse task results irrelevant to this study are not reported here. For participants in the PWA group, the WAB-R was administered first and then cognitive and discourse tasks were randomized across participants. During the experimental procedures, they were allowed to take breaks as needed. This study is focused solely on some of those discourse measures (described below).
Discourse task
Two wordless picture books were used to collect narrative discourse samples from participants. They included Good Dog Carl (GDC; Day 1985) and Picnic (McCully 1984) . Because limited to no text is included in the books, the task is a storytelling or story generation task, rather than a story-retelling task. Storytelling tasks are 'more representative of spontaneous communication' (Liles 1993 , cited in Hughes et al. 1997 . Additionally, because participants are telling stories from books rather than from shorter pictured stimuli (e.g., single pictures), participants provide longer samples and use a more diverse vocabulary . GDC is a 30-page book that follows a temporally driven story structure conveying the events that unfold as a dog is left to take care of a baby. Picnic is a 31-page story that represents a spatially and temporally driven story structure conveying the adventures of a family of mice going on a picnic. For the discourse task, the examiner provided the following instructions: 'These are wordless picture books that allow an individual to make up their own story. First, I'll look through the book to get an idea of the story.' The examiner then provided an example to participants with another story, for The Great Ape (Krahn 1978) . Finally, participants were presented with the book and allowed to look through it for as long as they needed to tell the whole story by themselves. While telling the story, the books were still viewable by the participant.
Language sample preparation
All samples were either audio or video recorded, and then orthographically transcribed by trained research assistants using a set of programs called CLAN.
A total of 10% of the control participants were randomly selected for inter-and intra-rater reliability for the entire transcription. The inter-and intrarater agreements were 95% and 98% respectively. For the aphasia group, two PWA were selected due to the small number of participants, and inter-and intra-rater agreements for the entire transcription were 91% and 93% respectively.
Core lexicon
The core lexicons for GDC and Picnic were created by determining the 25 most frequently used lemmas produced for nouns, verbs, adjectives and adverbs within each age group. The researchers accomplished this goal by assigning the proper syntactic category for each word within the narrative transcripts and extracting the lemma forms and their respective frequencies within each age group. To assign proper syntactic categories, the researchers used CLAN (MacWhinney 2000) and the methods outlined by MacWhinney (2000) and MacWhinney et al. (2010) . CLAN uses the programs MOR and POST, which are respectively tied to a dictionary of lexical items and English grammar rules, to categorize words automatically into their respective syntactic category with an accuracy of 95% (for a review, see MacWhinney 2000) . Once the words within each transcript were categorized, the researchers automatically extracted GDC and Picnic into separate files using the GEM program of CLAN. MOR, POST and GEM are terms for CLAN commands. The MOR command is used primarily for morphosyntactic analysis for each word. The POST command following the MOR command automatically resolves grammatical ambiguity. The GEM command is to sort different discourse tasks in the transcripts (see appendix A for the CLAN commands). This step is necessary to create two independent lists for each story. For each story and age group, the lemma forms were extracted for all the participants into a single list that included their frequency information. For example, if 20 participants used the lemma go once and a single participant used go five times, the lemma list would indicate that go was produced 25 times for that age group. The top 25 most frequent lemmas were collected for each word class within each story for every age group. While the top 25 most frequent lemmas is an arbitrary cut-off, previous researchers used similar numbers (Dalton and Richardson 2015) . A complete list of the top 25 core lexicon for each age group for the two stimuli is presented in appendix B.
Per cent agreement was determined by comparing the 25 core lexical items within each list among seven neurologically healthy groups. Per cent agreement was calculated by dividing the number of agreements by the total number of core lexical items on each list (the number of agreements/25) * 100. For example, an aphasia speaker (P1) who is in his 60s was evaluated by using the 60s age group core lexicon lists. If P1 produces four items from the 60s core verb list, the numerator is four and the denominator is 25 in the fraction.
Core lexicon production in aphasia
The PWA's transcripts were prepared for analysis in a similar manner as described above. Counting of how many core lexical items were produced in PWA was based on PWA's transcripts. These lists were compared with the age-matched core lexicon list for each story. For this study, we chose not to count synonyms, to maintain consistency with Dalton and Richardson's (2015) procedures, which acknowledges the importance of producing the target words (e.g., Andreetta et al. 2012, Verhaegen and Poncelet 2013) . If a PWA produced any lemmas on any of the core lexicon lists, they would receive a point. If the PWA did not produce the lemma form, they did not receive a point. Only one point was provided regardless of how many times the lemma form may have been used by the participant. The number of lemmas produced was divided by the total number of lemmas on the core lexicon list for each syntactic category type resulting in a per cent agreement between the PWA and age-matched cohorts for the core lexicon lists.
Results
The purpose of the study was to apply a core lexicon list for nouns, verbs, adjectives and adverbs within the narrative discourse, GDC and Picnic, for different age groups and compare them with core lexicon productions by PWA. These age-based core lexicon lists were used to address the aims of the current study.
The percentage of agreement for each word type was calculated across the seven age groups. Adverbs appeared to have the best agreement among the age groups with the lowest agreement only at 72%. Verbs had the next best agreement among the age cohorts, ranging between 64% and 92%. The per cent agreement for adjectives ranged from 56% to 92%. The per cent agreement for nouns ranged from 56% to 98%. See tables 3-6 for agreements among age groups for syntactic category types for each narrative discourse task (GDC and Picnic). (Day 1985) and Picnic (McCully 1984). To investigate the relationship between the core lexicon and aphasia impairment, the per cent agreement for each word class was obtained between the PWA and age-matched cohorts for the core lexicon lists. Spearman's correlation coefficients were computed between WAB-R AQs and core lexicon agreements for nouns, verbs, adjectives and adverbs for each narrative task. For both GDC and Picnic, significant correlations were found between core verbs and WAB AQs, r(9) = .869, p < .001, r(9) = .892 p < .001. PWA with better AQs had greater core lexicon agreements for verbs. Significant correlations were not found among AQs and other word classes (nouns, adjectives and adverbs) (tables 7 and 8).
Post-hoc analysis: aphasia type
A post-hoc analysis was conducted to determine if production of different word types obtained by the core lexicon measure differed between individuals with fluent (N = 5) and individuals with non-fluent (N = 6) types of aphasia. To conduct this analysis, the PWA were divided into two groups (fluent versus non-fluent) based 30s  56  48  16  20  36  52  24  16  P9  30s  48  20  16  24  16  16  16  20  P10  60s  40  16  16  12  24  8  12  4  P11  70s  8  28  28  32  8  28  28  32  P12  60s  52  48  20  20  52  48  28  40  P13  60s  48  8  24  24  28  4  32  12 Sources: Good Dog Carl (Day 1985) and Picnic (McCully 1984) . (Day 1985) and Picnic (McCully 1984). on the WAB-R aphasia classification. A Mann-Whitney U-test indicated that for GDC production of core verbs was significantly greater for fluent aphasia (mean rank = 7.50) than for non-fluent aphasia (mean rank = 3.50), U = 2.50, z = -2.11, p < .05. For Picnic, fluent aphasia (mean rank = 8.30) also produced more core verbs than non-fluent aphasia (mean rank = 4.08), U = 000, z = -2.124, p < .05 (table 9) .
Discussion
The purpose of the study was to apply age-developed core lexicon lists for the narrative discourse tasks GDC and Picnic to determine if core lexicon lists for word type would correlate with aphasia severity. For the normative data, while comparatively high agreement across age groups was observed for adjectives and verbs, adverb and noun use had considerable variability across the age cohorts, suggesting a need to develop and use core lexicon lists that account for age with clinical populations. Further, only verbs significantly correlated with WAB AQs for both narrative tasks for the PWA. These findings suggest that the core lexicon comparisons between age-matched controls and PWA may be useful for determining atypical patterns of lexical usage in discourse production, which in turn is reflective of aphasia severity.
Core lexicon and aphasia
Core verbs for both tasks significantly correlated with overall aphasia severity as measured by the WAB-R AQ, providing partial support for our hypothesis that core verbs and nouns correlate with AQs. These findings agree with findings by other researchers who were able to differentiate aphasia subtypes (Dillow 2013) . Whereas some researchers have created a single core lexicon list (Dalton and Richardson 2015, MacWhinney et al. 2010) , Dillow (2013) demonstrated that a single list is not sufficiently able to discern between aphasia types and thus created core lexicon lists for nouns and verbs separately. The study extended these results by adding lists for adverbs and adjectives as an exploratory investigation. In the current study, we did not have a large enough sample to consider different subtypes of aphasia and determine if each core lexicon list differed across aphasia subtypes. However, findings of the posthoc analysis lend weight to our results in that the only difference identified was that individuals with fluent aphasia produced significantly more core verbs than individuals with non-fluent aphasia for both tasks.
The results support and extend Dillow's (2013) results, wherein verbs are important in differentiating aphasia subtypes. As overall aphasia severity increases, fewer verbs are produced. This finding is unsurprising, since verbs are often considered the building blocks or central themes of utterances (Healy and Miller 1970) . Additionally, these findings have critical implications in terms of how researchers and clinicians should assess and treat verbs in discourse production of PWA. However, it was somewhat surprising that no significant correlations were found between core noun production and overall language severity obtained from the standardized, norm-referenced measure (i.e., WAB-R AQ), considering the substantial impact of noun production in clinical decisions. For language assessment in PWA, the WAB-R and the Boston Naming Test (BNT; Kaplan et al. 1976 ) require naming noun objects and are the most frequently used tests in clinical settings (Guo et al. 2014 , Verna et al. 2009 ). Based on these findings, it may be insufficient for clinicians to rely on performance of noun production alone when drawing clinical decisions regarding word retrieval abilities of their patients with aphasia.
Further, the initial analyses based on 11 PWAs did not demonstrate significant correlations between aphasia severity and production of adjectives and adverbs. However, the subsequent statistical analyses (MannWhitney U-test) of the fluent and non-fluent aphasia groups detected lower statistical power (p = .052) for capturing significant differences in adverb production (table 9). Because of the small number of aphasia participants and relatively restricted range of aphasia severity included in the separate group analyses, these results should be interpreted with caution (i.e., fluent aphasia groups presented with more mild aphasia compared with non-fluent aphasia). Future studies should consider potential joint effects of different word types to capture the level of aphasia severity.
In contrast to the current study, previous investigators have employed different elicitation techniques such as story retelling of Cinderella (Dillow 2013 , MacWhinney, 2010 , and procedural discourse (Dalton and Richardson 2015, Fromm et al. 2013) . Considering that the core lexicon measure is developed based on the entire spoken lexicon, a sufficient number of words should be produced to create a reliable and sensitive measure for capturing unusual lexicon patterns of PWA. Although narrative discourse obtained from wordless picture books has not been used in clinical settings frequently, it does provide lexically diverse language samples , thereby increasing the probability of capturing the severity of aphasia using this measure. Additionally, the existence of pictorial stimuli may be an important factor to elicit discourse samples with high quality and quantity (Grosjean 1980) . A task that provides picture stimuli having frame-by-frame presentation may function as cognitive schema, which leads to more episodes (Coelho 2002) . As such, narrative discourse tasks with pictorial support may be appropriate for collecting language samples, as well as for developing core lexicon measures.
There is no converging evidence from previous research with respect to criterion for the lemmas. For example, MacWhinney et al. (2010) did not stipulate a criterion and generated 10 core nouns and 10 core verbs. Fromm et al. (2013) did not specify an inclusionary criterion and included 10 core lexicon items as well, though with comparatively short language samples obtained from procedural discourse. Other studies required that at least 50% of the core lexical items be produced by the control participants to be included in the core lexicon list (Dalton and Richardson 2015, Dillow 2013) . Given that the core lexicon measure is a relatively novel method, an important next step is to determine the impact of different inclusionary criteria for lexical items, and then investigate the sensitivity and specificity of measuring language impairments. For best practice and usability of the core lexicon measure, a systematic approach to the criterion should be considered in future investigations.
Clinical implications
Discourse outcome measures are evolving in response to clinical utility. Such changes can enhance our understanding of discourse impairment of PWA, as well as aid in alleviating some difficulties that clinicians face. This study is a step forward in addressing the issue of clinical feasibility for discourse analysis in clinical settings. Researchers investigating discourse ability in PWA claim that the transcription process is an obstacle that prevents clinicians from using discourse analysis in clinical settings (de Riesthal and Diehl 2018, Kintz and Wright 2018) .
In this sense, the core lexicon measure is a meaningful outcome because it is easily quantifiable and timesaving for assessment without transcription. Additionally, eliciting sufficient quality and quantity of language samples in a limited period of time is important. The explicit task instructions (identified in the method) are distinct from traditional instructions (i.e., 'tell me everything you see going on in this picture') and induce individuals to provide the core event line of pictures depicted in narrative discourse (Olness 2006, Wright and Capilouto 2009) . In this study, we did not ask participants to describe every scene, but instead to build the story. This led participants to focus on temporal and/or causal information, not simply list all objects viewed in each scene. Most participants in this study took between 5 and 15 min to complete both tasks, whereas one PWA with the longest language sample for our participants took 21 min to finish them. In turn, we were able to elicit a language sample in a very appropriate time frame despite comparatively more picture stimuli included in the task.
Another clinical contribution of the current study is that the core lexicon measure was created based on the performance of cognitively healthy controls. Discourse disruptions featured in PWA lie on the continuum of normal discourse performance. By contrasting PWA's lexical usage to typical lexical usage produced by cognitively healthy controls within similar age cohorts, we can gain some insight into the nature of PWA's language profiles and to what extent they are preserved or impaired. Finally, though separate core lexicon lists by word class may be useful for evaluating overall changes in lexical use before and after treatment, they are restricted to providing clinical information about lexical retrieval. Core lexicon does not inform, clinically, about syntactic structure, rate of speech or fluency.
Conclusions and future directions
Multiple core lexicon lists were developed in this study for two discourse elicitation tasks and seven, 10-year age-cohort groups and compared with narratives elicited from PWA to determine the suitability of core lexicons for predicting aphasia severity and potential clinical use. Results of the study are promising, as they broaden our understanding of how meaningful the verb core lexicon is for PWA and also have clinical implications. The core verbs were verified as a comparatively simple means for predicting the language function of PWA, while other core lexicon lists were not. These findings have potential clinical implications in that verb counts (i.e., using a core verb list or counting verbs produced) might be a discourse measure that is sensitive to capturing comprehensive language ability.
However, there are several limitations to the study that need to be considered in future investigations. A major limitation is the construction of the core lexicon lists. The lists included the 25 most common lemmas produced by cognitively healthy participants for each stimulus. While there is a precedent for defining text from a frequency list (Gottron 2009 ), the cut-off was mostly arbitrary with ease of use being the most important factor in that decision. A combined frequency list may be plagued with outliers if an individual uses a single lemma significantly more than others. For example, a discourse sample that includes the word 'no' a thousand times might place 'no' at the top of the frequency list, but it would not be descriptive of the text. Future research should address this issue.
We were not able to find noun, adjective, or adverb core lexicon lists that were sensitive to severity of aphasia, perhaps due to the small sample size. Reviewing the demographic information of these participants with aphasia, nearly half presented with Broca's aphasia. Possibly, the expected, limited verb retrieval of individuals with Broca's aphasia drove the statistically significant results. In the same vein, more fluent types of aphasia need to be included to ensure the necessity of expanding grammatical category for both research and clinical judgment similar to how Sarno et al. (2005) were able to demonstrate the predictive value of the production of modifiers. Future studies should include a larger number of participants as well as a sufficient number of participants with different aphasia types so as to determine whether the findings are specific to type of aphasia.
Lastly, core lexicon lists should be applied to different discourse elicitation tasks such as picture descriptions, procedural discourse tasks, and storytelling, to explore discourse adequacy by measuring the core lexicon that is most useful for clinical populations. Finally, to establish ecological validity and utility of the core lexicon measure, it is essential that researchers investigate its correlations to other linguistic measures as well as to the standardized tools. Along with the acceptable validity, it could be expected that such an effort will acquire a more useful clinical prediction by requiring less time, training, and efforts when completing these key evaluations in clinical settings. 
